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cyclotetradecene (31) and 5,9:12,16-dimethenobenzocyclotetra-
decene (53) are believed to be promising starting materials
for the synthesis of the title compound 5,9:l4,18-dimetheno-
benzocyclotetradecene (24). Synthetic approaches towards the
realization of 31 and 53 will be discussed in this thesis.
10,11-dihydro-5,9:12,16-dimethenobenzocyclotetradecene
(32) was prepared in 18% yield by a one-step reaction in
which 3,3-bis(bromomethyl)-1,1`:2',1-terphenyl(33)
underwent Wurtz.coupling by treatment with phenyllithium in
diethyl ether. Bromination of cyclophane 32 did not give
10,10-dibromo-10,11-dihydro-5,9:12,16-dimethenobenzocyclotetra-
decene (3,1ti). Consequently, Bromination of 32 under dark or
irradiation afforded only 11,12-dihydrobenzo te,pyrene (52) or
benzo[e]pyrene (51) respectively.'
Ramberg-Backlund rearrangement of 2-thia [3](3, 3)-
1,1':2',1-terphenylophane-2,2-dioxide (50) again generated
benzo Ce] pyrene (51) as the only isolable product.. On the
other hand, reductive coupling of 3,3-bisformyl-1,1':2',1-
terphenyl (55) by low valent titanium furnished trans-10,11-
dihydroxy-10,11-dihydro-5,9:12,16-dimethenobenzocycloterea-
dacene(57)
Although it appears that compound 53 still eludes
5
preparation, the existence of ti as transient intermediate
in several attempted synthesis might be ascertained by the
isolation of 51.
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cyclotetradecene (31) and 5,9:12,16-dimethenobenzocyclotetra-
decene (53) are believed to be promising starting materials
for the synthesis of the title compound 5,9:14,18-dimetheno-
benzocyclotetradecene (24). Synthetic approaches towards the
realization of 31 and 53 will be discussed-.in this thesis.
10,11-dihydro-5,9:12,16-dimethenobenzocyclotetradecene
32) was prepared in 18% yield by a one-step reaction in
which 3,3-bis(bromomethyl)-1,1':2',1-terphenyl(33)
underwent Wurtz coupling by treatment with phenyllithium in
diethyl ether. Bromination of cyclophane tit did not give
10,10-dibromo-10,11-dihydro-5,9:12,16-dimethenobenzocyclotetra-
decene(31). Consequently, bromination of tit under dark or
irradiation afforded only 11, 12-dihydrobenzo [e]pyrene(52) -or
benzo-te]pyrene (,51) respectively.
Ramberg-Backlund rearrangement of 2-thia [3](3, 3)-
1,1':2',1-terphenylophane-2,2-dioxide (50) again generated
benzolejpyrene (51) as the only isolable product. On the
other hand, reductive coupling of 3,3-bisformyl-1,1':2',1-
terphenyl (55) by low valent titanium furnished trans-10,11-
dihydroxy-10,11-dihydro-5,9:12,16-dimethenobenzocyclotetra-
decene(57)
Although it appears that compound 53. still eludes
5
preparation, the existence of 53 as transient intermediate
in several attempted synthesis might be ascertained by the
isolation of 51.
III Introducti
Cyclophanes are a class of bridged aromatic compounds
which contain at least one aromatic nucleus and at-least one
bridge. Examples of some lower homologs are [2,2]meta-
cyclophane (1) [2,2] metaparacyclophane (2) and [2,2]-
metaparacyclophane (3). Their structures are depicted
Fiqure 1
1 2j 3
Cyclophanes provide fine vehicles for the study of
molecular strain2. Special attention should be drawn to 1,
whose molecular architecture' arouses many theoretical and
synthetic interests, such as intramolecular steric and
electronic interactions' 2'3+ '5f thermal rearrangement5'7,
photo and thermal isomerization8' 9 '1 5' l l and functionalizatic
of thp hridoe carbon2.
From model studies, [2,2] metacyclophane() can have tv
conformations. They are the svn and anti structures. Theii









In 1953, Brown12 confirmed the geometry of 1 as anti
structure by X-ray measurement. It is interesting to note
that the benzene ring is distorted and carbon atoms 5 and 8
are displaced out of the mean plane C3CuC6C7 in the same
direction by 0. 042.R and 0.143.R. The structure of anti-
[2,2] metacyclophane and its magnitude of distortion are
displayed in Figure 3 and. Figure 4 respectively.
Figure 3 Structure of anti- [2,2] metacyclophane
Figure 4 Magnitude of distortion of anti- [2, 21 metacvcloDhane
0







Some syn- [2, 21 metacyclophanes with electronegative
substituents on the benzene ring or substitutions on
the brige have early been reported. Examples are compounds











The parent syn- [2, 2] metacyclophane has been synthesized
in 1984 1 4. Furthermore, the control of the stereochemistry
of [2, 2j metacyclophane to syn conformation using the chemistry
of (arene)chromium carbonyls has been studied by Mitchell
and his co-workers 1b. The mechanism might be due to the
stabilization of the syn-cyclophanes through charge transfer
Drocess across the cofacial decks15.
From geometry study, the internal proton of the anti
conformation is right above the opposite benzene ring. A
a result, the proton is shielded and its absorption is
shifted upfield. While the internal proton of the syn
comformation is not shielded by the opposite benzene ring,
its chemical shift is observed at normal aromatic region.
The chemical shift of the internal protons of syn and anti-
2,2~i metacyclophane (1), as compared with m-xylene (7), are
listed in Table 1.
Table 1 Chemical shifts of internal protons of compounds
%r syn-lu and anti-1
(1)
2,2] metac









Chemistry of _2,2] metacyclophane (1) ana its derivative
have been studied thoroughly. A great many reactions have
been carried out to functionalize the side chain and to
subsequently introduce a double bond. However, most of
the reactions failed, and the yield for the recovery of the
starting material was not high. In most of the reactions,
only small amount of decompositon products were obtained2.
Besides functionalization of the side chain, other
interesting reactions of [2,2Jmetacyclophane and its
ivatives are summarized as follows:






[2,2]metacyclophane tends very much to unaergc
transannular ring closure3. It was reported that
pyrene derivative (i.e. compound 8) was obtained
through simultaneous nitration at position 5 and
transannular ring closure of molecule 1 upon















Two types of reaction take place during
treatment of cyclophane with benzoyl peroxide
(3 equivalents) and cupric chloride (0.2 equivalents)
in acetonitrile. These reactions are the transannular
dehydrogenation which gives pyrene and hydropyrenes
(i.e. compounds£ to) and substitution reaction
which gives 4-benzoate together with 8-cyanomethyl




Cyclophane). reacts with iodine to generate 14.
However r compound£ instead of compound t.4 is formed5





Trans-15,16-dimethyldihydropyrene (5) undergoes a
thermal methyl group migration to trans-13,15-
dimethyldihyaropyrene (16) at 200°C. The structure
of 16 has been established by its spectral and chemical
properties 7.















Equilibrium is reached between 17 and 18 (R=M)
under irradition with light of 300 mu. When the
methyl groups are replaced by protons (i.e. R=H), 8
will be further oxidized to 10 and vj.. in the case
where only one methyl group is replaced by a proton,







For transformation of 19 to 20, the it system
of the naphthalene and benzene rings of 19 would be
destroyed. Consequently, compound 20 contains a new
tt system. Furthermore, the energy gain during the
formation of a C-C bond together with the release of
strain energy due to the non-bonded steric repulsion
of the two methyl groups will be considerable. The







The energy difference in this case should be
rather close, probably due to the larger amount of
energy required to destroy two benzene rings of 2i







For the equilibrium between 22 and 23, three
benzene rings have to be destroyed. Hence 22 should
be more favorable relative to 21 and 19. However,
if considerable strain is introduced to 22 by benzo
fusion, the situation may be different. In summary,
Mitchell predicted that cyclophanediene 22 would be
more accessible from 23 compared with 21 or 19 from
15 or 20 respectively11.
Mitchell and his co-workers have studied the effect of
benzo-annelation on [l4] annulenes 1 1 '1 5'17'18'19. For compound
it can be viewed as a benzo ring fusion on [14]annulene.
It was found that fusion of the benzene rings on the annulene
inraiWpq fhp annulene rina and vice versa17.
In view of the fact that benzo-annelation would influence
the formation of [l4] annulene to certain extent. We propose
to prepare compound 24 in which the [2,2] metacyclophane is
fused by two benzene rings.
24
We are interested in studying the stability of and the
transannular effect between the meta-substituted benzene
nuclei, provided that 24 is sufficiently stable.






The existence of the di-radical species 27 is still not
ascertained although its existence has been predicted20''2
IV Results and Discussion
We anticipated that 5,9:14,18-dimethenodibenzo-
cyclotetradecene (24) can be prepared via a retrosynthetic












utilizing, as starting material, Zti might be
prepared by bromination, dehydrobromination and trapping
procedures22'23. Hence, we first aim at the synthesis of
dihydro-5,9:12,16-dimethenobenzocyclotetradecene (32)
The functionalization of the bridge of 32 would be our
next target.
IV. 1. A modified synthesis of 10,11-dihydro-5,9:12,16-
dimethenobenzocyclotetradecene (32)
3,3"-Bis(bromomethyl)-1,1':2',1"-terphenvl (33) 24
has been converted to 2224. The first stage of our
synthesis is to prepare sufficient amount of
33.





























m-toluidine was transformed to m-iodotoluene
() via diazonium salt21+. Thus, treatment of 4 with
sodium nitrite in concentrated hydrochloric acid followed
by addition of potassium iodide gave in 73% yield.
The iodide is light brown in color and its boiling
ooint is 118-126 C15mmHg (lit. 210 C745mmHg).
Coupling of iodide 3£ with o-nitrobenzoic acid (36)
in quinoline and cuprous oxide (Method A)25afforded
3-methyl-21-nitrobiphenyl (£7) in 55% yield. On the
other hand, homolytic substitution of nitrobenzene with
m-methylbenzoyl peroxide(££) (Method B)27also generated
7 in 10% yield. Compound is orange-yellow in
color, which boils at 130-140°C0.3mmHg (lit.27198°C
25mmHg). Method A is highly recommended because its
yield is much higher that that of Method B. Furthermore,
the separation of crude product of Method B is tedious
due to the simultaneous formation of 3-methyl-3'-
nitrobipheny1(££) and 3-methyl-4'-nitrobiphenyl (40)27.
r
NO~
3 S 2° 4fji
Reduction of the nitro-bipheny1 by hydrazine
hydrate and Raney-nickel gave the corresponding amino-
biphenyl in 74% yield. Compound is a colorless
liquid, which boils at 128-132°C2.5mmHg (lit.24115-118C
2mmHg). Compound 4L is not so stable, as can be
indicated by its gradual color-change from colorless to
Iodo-biphenyl 42 was prepared from the amino-
biphenyl 41 again via the diazonium salt stage. Treatment
of 41 with sodium nitrite in concentrated hydrochloric acid
followed by addition of potassium iodide gave 42 in 38%
yield. The iodide 42 is a colorless and viscous liquid
with boiling point of 130-140°C2mmHg (lit.24130-150°C2mmHg)
3,3-dimethyl-1,11:2',1-terpheny1 (43)24can be
prepared by the following reaction sequence:
42












Lithiation of 42 with n-butyllithium gave 44 which
reacted with 3-methyl-2-cyclohexen-l-one (45) to
generate alcohol 46 after quenching with sulfuric acid.
The alcohol 46 was further dehydrated by acid to give
diene 47 24. Aromatization of aiene 47 to terphenyl 43
was carried out by treatment with DDQ in absolute
toluene24. The overall yield of the terphenyl 43 was
33% and the recovery of iodo-biphenyl 42 was about 20%.
Bromination of terphenyl 43 with NBS (2.6ea.) and
AIBN under irradiation with a sun lamp (500w) gave
dibromide 33 in 74% yield and monobromide 48 in 23% yield
The mass spectrum of 33 shows a dibromide pattern at
me 414, 416, 418 with the ratio of intensity 1:2:1.
The NMR spectrum exhibits a singlet at 4.38ppm which
correlates to the methylene protons. The mass spectrum
of 48 shows a monobromide pattern at me 336, 338 with
the ratio of intensity 1:1. The NMR spectrum of 48 exhibits
two singlets at 4.32 and 2.20ppm which correlate to the
methylene and methyl protons. Both dibromide 33 and
monobromide 48 are colorless viscous liquid. The
monobromide 48 could be further brominated to dibromide
33 in 90% yield by repeating the above procedure using
1 0 omiivalpnt of NBS.
10,ll-dihyaro-5,9:12,16-dimethenobenzocyclotetraaecem
(32) has been synthesized by Vogtle24 using dibromide

















The reaction sequence•involves transformation of
-dibromide 33 to sulfide 49 'by reaction with thioacetamide
in basic media, oxidation of the sulfide 49 to the
corresponding sulfone 50 and the pyrolysis of the sulfone
to 32. The total yield of 32 is 14%. By using the
method developed by Boekelheide28, we have completed the
synthesis of 10,ll-dihydro-5,9:12,16-dimethenobenzo—
cyclotetradecene(££) in only one step from 33. Coupling
of the dibromide with phenyllithium (io equivalents)
in absolute ether gave two products. They are 10,ll-
dihydro-5 ,9:12,16-dimethenobenzocyc1otetradecene (32)
(18%) and benzo£ejpyrene (51) (10.3%). We have obtained
compound 32 which has anti conformation and its
stereochemistry is shown in Figure 5. Compounds 32 and
51 show base peaks at me 256 and 252 respectively in their
mass spectra. Both of the products are colorless crystals
with melting points at 134-135°C (lit.24135°C) and 179-
181-0 C (lit. 2 9178-179 °C) respectively. The former was
recrystallized from heptane while the latter from benzene.
The H NMR spectra of 32 and 51 (NMR-7 and.NMR-8) are
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Figure 5 Stereochemistry of anti-10,ll-dihydro-5,9:12,16
-dimethenobenzocyclotetradecene (32)
Table 2 Analysis of NMR spectra of 10,11-dihydro-
5,9:12,16-dimethenobenzocyclotetradecene (32)


















o (ppm' Analysi: 6 (ppm Analysis
7.36, 7.6: A2B2. system, 4H,
aryl-H, J=5.69Hz













8.87, 7.71t, 2H, aryl-H_
±5























We have studied the effect of temperature variation
on the 1H NMR spectrum of 32. We found that no
noticeable change of the pattern of the absorption
peaks was observed up to 406K.
IV. 2. Attempted functionalization of the bridge of
10, ll-dihydro-5 ,9:12,16-diraethenobenzocyclo-
tetradecene (32)
After the preparation of 10,ll-dihydro-5,9:12,16-
dimethenobenzocyclotetraaecene (32), the next step in our
synthetic plan is to functionalize the side chain of
We have undertaken bromination of under two conditions
i.e. reaction of 32 with NBS and AIBN under irradiation
with a sun lamp (500w) or in the dark2. The expected
product of both reactions is 10,10-dibromo-10,ll-
dihydro-5 ,9:12,16-dimethenobenzocyclotetradecene (31).
However, we only obtained bdnzo [e] pyrene (£1.) (58%)- for
the former reaction and 11,12-dihydrobenzo [e]pyrene(££)
















Compound 52 is a colorless crystal which melts at
59-61°C. It shows a base peak at me 254 in its mass
spectrum. The aH NMR spectrum of (NMR-9) is














J= 6.18Hz, J 1=3.37Hz
d, 2H, aryl-Hc, J=7.71Hz
d, 2H, aryl-H, J=7.71Hz
t, 2H, aryl-H J=7.71, 7.71Hz






From the aforementioned bromination of 32, we come
to the conclusion that transannular ring closure might
precede the functionalization of the bridge. Furthermore,
once we obtain benzo |e'pyrene (51), it is difficult to
further functionalize and due to the aromaticity
of the compound. Griffin has commented on the issue of
the failure of the functionalization of the bridge of
f2,2 metacyclophane (l)2. He reasoned that the benzene
ring of 1 is not planar but distored, and the benzylic
carbon of the bridge deviates from the aromatic ring.
Consequently, the usual charge stabilization associated
with-a benzylic cation, anion or radical cannot be readily
attained. The required change in the hybridization of
this carbon atom from sp to sp is somewhat restricted
by the ring system. In our case, benzo-annelation on the
[ 2, 2_ metacyclophane (1) does not exert a profound effect
on the reactivity of the benzylic carbon. Hence the internal
protons might be the most labile groups to be removed,
thereby yielding ring closure compounds such as 51 and 52.
IV. 3. Attempted direct preparation of 5,9:12,16-
dimethenobenzocyclotetradecene (53)
As the functionalization of the bridge of 32 was not
successful, we have tried other routes to the realization
of compound 53. Treatment of a sulfone with base in
halomethane can generate a carbon-carbon double bond.
30ag
This is the so-called Ramberg-Backlund rearrangement





KOH, CCl R1R2C= CR3Rl++ S02
t-BuOH
It is envisaged that the application of this reaction on
the sulfone £0 might result in the isolation of 5,9:12,16










The preparation of the sulfone £30 is shown in Scheme III.
Treatment of 3,3-bis(bromomethyl)-1,11:2',1-
terphenylophane (3,) 24 with thioacetamide and potassium
hydroxide in benzene-ethanol gave 2-thia[3]( 33 )-1,11:
2',l-terphenylophane (4£) in 19% yield. Compound££
forms colorless crystals with melting point of 145-
146°C (1it.24146-147°C). Compound shows a base peak
at me 288 in its mass spectrum. The. H NMR spectrum
(NMR-10) contains peaks at q 7.16-7.65 (m, 10H, aryl-H),
6.08 (br .s, 2H, aryl-H) and 3.64 (br.s, 4H, -CH).
Preparation of sulfide 49 through the reaction of
dibromide 33 with sodium sulfide in benzene-ethanol-
water11 has also been tried. However, the yield was
rather low (6%). We thus chose the former method for
the svnthesis of 49.
Oxidation of sulfide 4 with hydrogen peroxide in
toluene-glacial acetic acid gave 2-thia[3] (3,3)-1,1':
2', 1 -terphenylophane-2, 2-dioxiae (£{J)2i+ in 75% yield.
Compound forms light yellow crystals which melts at
258-259 °C (lit.2259°C). It shows a base peaks at me
320 in its mass spectrum. The !h NMR spectrum (NMR-11)
exhibits'absorptions at 7.45-7.67 (m, 10H, aryl-H), 6.1:
(s, 2H, aryl-H) and 3.86, 4.30 (AB system, 4H, -CH-,
J.. =13. 8Hz).
When sulfone 3oa g was treated with finely powdered
potassium hydroxide and dibromodifluoromethane (54) in
t-butanol, benzo[e]pyrene (51) was obtained in 23% yield







KOH, CF „Br Q' d
t.-RnDH
PP 53 51
The physical and spectroscopic data of the product 51
are identical with an authentic sample.
The formation of 5,9:12r 16-dimethenobenzocyclo-
tetradecene (53) via sulfone 50 was therefore not
successful. McMurry and Mukaiyama3ia have established
methods using low valent titanium for reductive coupling
of dicarbonyls to olefins. Their strategy is as




It is hoped that 3,3-bisformyl-1,11:2',1-terphenyl (§5
could be converted to 5, 9:12,16-dimethenobenzocyclo-






















Thus, oxidation of 3,3-bisbromomethyl-1,1':2',1-
terphenyl (33) by DMSO and pyridine32 gave the di-
aldehyde 55 in 54% yield. Compound 55 forms light
yellow crystals (recrystal1ized from heptane), which
melts at 112-114°C. It shows a base peak at me 286 in
its mass spectrum. The H NMR spectrum (NMR-12) shows
peaks at 6 9.88 (s, 2H, -CHO), 7.30-7.33 (m, 12H,
aryl-H)'. The IR spectrum exhibits a peak of 1698cm1
due to the stretching of C=0. When, 2,4,6-collidine
was used instead of pyridine, and the reaction was carried
out at room temperature, 3-formyl-3-bromomethyl-1,11:
21,1-terphenyl (56) was obtained as a minor product
(6%); together with 55 (54%). Compound 56 shows a
base peak at me 350 and a monobromide pattern at me
350, 352 with the ratio of intensity 1:1. The H NMR
(NMR-13) exhibits peaks at 59.88 (s, 1H, -CHO), 7.74-
7.15 (m, 12H, aryl-H) and 6.46 (s, 2H, -CH2Br). Compound
56 can be further oxidized to 55 in 82% yield by
repeating the above procedure.
The results of the reductive coupling of 55 using
McMurry and Mukaiyama reagents are summarized in Table 4.
Table 4























Only reagent systems of d and e are effective for
the reductive coupling of££. However, the products
obtained are trans-10,ll-dihydroxy-10,ll-dihydro-5,9:
12,16-dimethenobenzocyclotetradecene (57) (43% for d
system; 19% for e system) and benzo j~e] pyrene (51) (25%
for d system; 12.5% for e system). Compound 57 is a
colorless crystal (hexanes-dichloromethane). It melts
at 185-186°C. Compound 57 shows a base peak at me 288
in its mass spectrum. The. 1H NMR spectrum of 57 (NMR-
14) exhibits peaks at 6 7.22-7.72 (m, 10H, aryl-H), 5.34
(s, 2H, aryl-Hi), 3.96 (s, 2H, 3CH), 3.20 (br.s, 2H,
O-H). When deuterium oxide was added to 57 during 1H-NMR
study, the signal at 6 3.20 disappeared (NMR-15). And
trans-10, ll-dideuteroxy-10,ll-dihydro-5,9:12,16-
dimethenobenzocyclotetradecene (58) was formed.
Reaction of diol 57 with sodium iodide and
chlorotrimethylsilane in acetonitrile should give 53..
However, dialdehyde 55 instead of 53 was obtained. The














From the above reactions, we speculate that compound
53 might be generated first. However, in our situation,
transannular ring closure took place so rapidly that
benzoPelpyrene (51) was always obtained.
IV.4. Attempted transformation of the dihydroxy groups
of trans-10,ll-dihydroxy-10,ll-dihydro-5,9:12,16
dimethenobenzocyclotetradecene (57) to other
functional groups
The next stage of our synthetic endeavour is to
transform the aiol ;57 to dibromide 5£3 ana dimesylate
50 2 5 'SS xt was envisioned that 59 and 60 might be
converted to acetylene 29 via elimination reaction.
However, transformation of 57 to 59 and 60 have been
unsuccessful, only polymer or unidentified products were






















Oxidation of diol £7 with oxalyl chloride in
DMSO20'37 at -50°C (Swern oxidation) was successful in
giving ll-hydroxy-10,ll-dihydro-5,9:12,16-dimetheno-
benzocyclotetradecen-10-one (61) in 30% yield. Compound
61 forms colorless crystals with melting point of 213-
214°C. It shows a base peak at m£ 286 in it mass
spectrum. H NMR spectrum of 61 (NMR-16) exhibits peaks
at 6 7.44-7.82 (m, 10H, aryl-H), 5.46 (br.s., 2H, aryl-









(32) has been synthesized by a one-step reaction via Wurtz
2 8
coupling of dibromide 33 with phenyl1ithium in diethyl
2 4
ether. A former synthesis of 32 involved a multi-step
route which also made use of 33 as the starting material.
The yield of our preparation is 18% while -the yield of the
latter is only 14%.
From the Ramberg-Backlund Rearrangement of sulfone 50
and reductive coupling of dialdehyde 55 by low valent
titanium, it appears that 5,9:12,16-dimethenobenzocyclotetra-
decene (53) might exist as a transient intermediate. However
transannular ring closure took place so rapidly that benzo[e]•
pyrene was isolated.
The oxidation of 61 to diketone 62 by repeating the Swern
procedure' is in progress. Once the reaction is successful
we might continue the quest of 24 as well as its hetero-
counterpart in the two directions. They are:
i) Coupling of the diketone 62 with o-phenylene diamine (63)
2 0













ii) Generation of acetylene via dihydrazone 6£ and
its subsequent reaction to give 24. The reactions are





















Due to the tendency of undergoing transannular ring
closure of 10,ll-dihydro-5,9:12,16-aimethenobenzocyclotetra-
3 9
decene (32), we propose the synthesis of 66. We speculate





Solvents used were purified by standard procedures. All
evaporations of organic solvents. were carried out by a rotatory
evaporator in conjunction with a water aspirator.
Proton NMR spectra were recorded on a Bruker Cryospec
WM 250 (250 MHz) spectrometer-or a Jeol PMX 60 SI (60 MHz)
spectrometer. Deuterated chloroform was used as solvent
unless stated otherwise and the chemical shift o (ppm) was
measured with tetramethylsilane (TMS) serving as an internal
standard. Mass spectra were recorded on a VG Micromass
7070F spectrometer. UV spectra were recorded on a 323 Hitachi
Recording Spectrophotometer in ethanol. Elemental analysis
was carried out by Drs. C.H.L. Kennard and C. Smith at
Queensland Institute of Technology, Australia.
Merck silica gel (.60 F254) precoated on aluminium sheet
was used for tlc studies and Merck silica g-el (70-230 mesh)
was used for column chromatography. Rf values of all
compounds on tlc were used for reference only. Melting
points were measured on a hot-stage microscope and were
uncorrected.
40
m-Methyl benzoyl peroxide (8)
Sodium peroxide (6.46g, 0.08mol) was dissolved in ice-
water (50mL). The solution was kept at 0°C. With vigorous
stirring, a cold solution of m-methyl benzoyl chloride
(20.48g, 0.13mol) in anhydrous toluene (50mL) was added
dropwisely to the above solution for a period of 30 minutes.
After the addition, the reaction mixture was further stirred
for 3 hours. The organic layer was separated and the solvent
was removed under vacuum to give the desired product 38
2 7
(17g, 47%): colorless crystals, m.p. 52-53°C (lit. 52-
53°C); 1E NMR, 7. 73-7. 79 (m, 8H, aryl-H), 2.18 (s,6H, -CH3);
MS: me 119 (M+-m-GH3C6H4C03), 91(M+-m-CH3C6H4~C03-C0);
IR: (KBr) 1766cm 1 and 1795cm 1 (stretching of C=0).
24
m-Iodotoluene (35)
To a cold suspension of m-toluidine (71.4mL,
660mmol) and concentrated hydrochloric acid (180mL) in
distilled water (1.2L), a solution of sodium nitrite (47.5g,
688mmol) in distilled water (HOmL) was added. The
temperature of the suspension was kept below 5°C. A solution
of potassium iodide (208g, 1250mmol) and iodine (4.5g, 18mmol)
in distilled water (400mL) was added dropwisely to the above
diazonium salt under vigorous mechanical stirring. After the
addition, the reaction mixture was heated at 40°C for four
hours. The mixture was extracted with chloroform (3 X 900mL).
The combined organic layer was washed with aqueous sodium
hydroxide (2 X 500mL), distilled water (2 X 500mL) and dried
over anhydrous magnesium sulfate. The residue was distilled
under vacuum to give the product (105g, 73%): b.p. 118-
126°C15mmHg (lit.25b.p. 210°C745mmHg); H NMR: 6 6.65-
7.42 (m, 4H, aryl-H), 2.15 (s, 3H, -CH3); MS: rne 218 (M+),
91 (M+ -1).
24
3-Methyl-2'-nitrobiphenyl (37) (Method A)
To a solution of m-iodotoluene (35) (33g, O.lSmol) and
o-nitrobenzoic acid (36) (42g, 0.25mol) in ouinoline (80mL)
at 155°C under mechanical stirring, cuprous oxide (12g,
0,08mol) was quickly added. The reaction mixture was heated
with stirring at 200°C for 40 minutes. After the reaction
mixture was cooled, diethyl ether (600mL) was added. The
crude product was filtered and the filtrate was washed with
HC1 (2M, 3 X 300mL).• The organic layer was further washed
with distilled water (2 X 200mL)' and dried over anhydrous
. magnesium sulfate. The remaining solvent was removed under
vacuum. The residue was distilled. The fraction of b.p.
130-140°C0.3mmHg (1it.27198°C25mmHg) was collected. This
distillate was chromatographed on silica gel column
(ethyl acetatehexanes: 19) to yield the desired product 37
(17.6g, 55%): (TLC: 0.3; ethyl acetatehexanes: 19);
1H NMR (NMR-1): 67.10-7.85 (m, 8H, aryl-H), 2.40 (s, 3H,
-CH3); MS: me 213 (M+), 167 (M+-N02), 152 (M+-N02-CH3).
2:
3_-Methyl-2' -nitrobiphenyl .(37) (Method B)
m-methyl benzoyl peroxide(£) (20g, 0.07mol) and
nitrobenzene (400mL) were added to a one litre round-
bottomed flask with vigorous magnetic stirring. The reaction
o
mixture was heated at 80 C for 3.5 days. The bulk solvent
was removed by distillation under vacuum. The residue was
washed with saturated aqueous sodium bicarbonate (4 X lOOmL)
and then with distilled water (2 X lOOmL). The organic layer
was dried over anhydrous sodium sulfate. The crude product
0
was distilled under vacuum. The fraction of b.p. 130-140 C
0.3mmHg was collected (lit.27198 C25mmHg). This distillate
was chromatographed on silica gel column (hexanesbenzenes:
110) to yield the expected product 37 (1.56g, 10%). The
physical and spectroscopic data of the products from method A
and B are the same and identical with an authentic sample.
2-Amino-3'-methylbiphenyl (41)24
A small spoonful of Raney-Nickel was added to a solution
0
of 3-methy 1-21-nitrobiphenyl (7) (5.12g, 0. 024mol) in ethanol
(40mL). With vigorous stirring, the reaction mixture was
heated at 70°C. Hydrazine hydrate (80%) (5.5g, 0.lmol) was
added slowly. After complete evolution of nitrogen, a
further spoonful of Raney-Nickel was added. The reaction
mixture was refluxed for 3 hours and filtered. The filtrate
was extracted with chloroform (3 X 50mL) and dried over
anhydrous magnesium sulfate. The solvent was removed under
vacuum. The residue was chromatographed on silica gel column
(ethyl acetatehexanes: 19) to give the expected product 41
(3.3g, 74%): (TLC Rf: 0.25; ethyl acetatehexanes: 19);
b.p. 128-132°C2.5mmHg (lit.24115-118°C2mmHg); H NMR. (NMR-2)
: 6 6.70-7.35 (m, 8H, aryl-H), 3.72 (s, 2H, -NH), 2.38 (sf
3H, -CH3); MS: rne 183 (M+).
2-Iodo-31-methylbiphenyl (42)24
To a cold suspension of 2-amino-3'-methyl biphenyl (41)
{5. 2g, 28.4mmol) and concentrated hydrochloric acid (9mL) in
distilled water (20mL), a solution of sodium nitrite(2.Ig,
30.4mmol) in distilled water (5.3mL) was added. The
temperature of the suspension was kept below 5°C. A solution
of potassium iodide (208g, 1250mmoi) and iodine (4.5g, 18mmol)
in distilled water (400mL) was added dropwisely to the above
diazonium salt under vigorous mechanical stirring. .After the
addition, the reaction mixture was heated at 30°C for 2.5
0
hours. The crude product was extracted with chloroform (3 X
300mL). The combined organic layer was washed with aqueous
sodium hydroxide (2 X 500mL), distilled water (2 X 500mL) and
dried over anhydrous magnesium sulfate. The solvent was
removed under vacuum. The residue was chromatographed on
silica gel column (hexanes) to give the product 42 (3. 2g,
38%): (TLC R. o.45; hexanes); b.p. 13G-140°C2mmHg
(lit.24130-150°C2mmHg); 1E NMR (NMR-3): 6 6.98-7.98 (m, 8H,
aryl-H); 2.40 (s, 3H, -CH3); MS: me 294 (M+), 167 (M+-I),
152 (M+-I-CH3).
3,3-Dimethyl-1,11:21, 1-terphenyl (43)24
A solution of 2-iodo-3' -methylbiphenyl (42) (0.76g,
2.6mmo1) in absolute ether (3.5mL) was added dropwisely to
a solution of n-butyllithium (1.7M in hexanes; 2mL, 3.4mmol)
at 0°C under nitrogen. After the addition, the reaction
mixture was stirred for 2 hours. A solution of 3-methyl-2-
cyclohexen-l-one (45) (0.3g, 2.8mmol) in absolute ether
(2.8mL) was added dropwisely to the above mixture at 0°C.
After the addition, the system was refluxed for two hours.
Sulfuric acid (10%, 15mL) was added. The reaction mixture was
stirred for 40 hours. The organic layer was washed with 5%
aqueous sodium bicarbonate (2 X 20mL) and distilled water (2 X
20mL). It was dried over anhydrous magnesium sulfate. After
removal of the solvent, 2,3-dichloro-5,6-dicyano-l,4-
benzoquinone (DDQ) in anhydrous toluene (5.8mL) was added. The'
system was refluxed for 18 hours. The crude product was
filtered and toluene was removed under vacuum. The residue
was chromatographed on silica gel column (hexanes) to yield
the product 43 (0.22g, 33%): (TLC Rx: 0.3; hexanes); NMR
(NMR-4): 66.85-7.41 (m, 12H, aryl-H), 2.26 (s, 6H, -CH);
MS: me 258 (M+), 243 (M+-CH3), 228 (M+-2CH3
3,3-Bis(bromomethyl)-1,1':21,1-terphenyl (33)24 and
3-bromomethy1-3-methy1-1,1': 2', 1-terphenyl (4 8) 2 4
NBS (18mg, O.lmmol) and a small spatula of AIBN were
added to a solution of 3,3-dimetyl-1,1':21,1-terphenyl (43)
(lOmg, 0.04mmol) in anhydrous carbon tetrachloride (lmL). The
reaction mixture was stirred under irradiation with a 500w sun
lamp for 1 hour. The crude product was filtered and chroma-
graphed on silica gel column (hexanes) to give the dibromide
as the major product (12mg, 74%): (TLC Rf: 0.14; benzene
hexanes :115): lE NMR (NMR-5): 6 7.15-7.46 (m, 12H, aryl-H),
4.38 (s, 4H, -CH-); MS: me 418 (M++4), 416 (M++2), 414 (m1),
335 (M+-Br). The minor product was monobromide -48 (3mg, 23%):
(TLC R: 0.25; benzenehexanes: 115); NMR (NMR-6): 6
6.80-7.36 (m, 12H, aryl-H), 4.32 (s, 2H, -CH2-), 2.20 (s, 3H,
-CH3-); MS: me 338 (M++2), 336 (M+), 257 (M+-Br). The
monobromide 48 can be further brominated to dibromide 33 in 90%
by repeating the above procedure using 1.2 equivalents of NBS.
10,ll-Dihydro-5,9:12,16-dimethenobenzocyclotetradecene (32)28
A solution of phenyllithium (1.3N, 5.5mL, 7.15mmol) in
30mL anhydrous diethyl ether was added by a syringe to a
flame-dried round-bottomed flask under nitrogen. A solution
of 3, 3 :-bis (bromomethyl)-1,1': 2', l-terphenyl (33) (300mg,
0.7mmol) in anhydrous diethyl ether (150mL) was added drop-
wisely to the above solution. After the addition, the reaction
mixture was. further stirred in dark condition for 1.5 days.
Distilled water (150mL) was added. The aqueous layer was
extracted with ether (2 X lOOmL). The combined organic layer
was dried over anhydrous magnesium sulfate. The solvent was
removed under vacuum and the residue was chromatographed on
silica gel column (hexanes) to yield two products. They were
10,ll-dihydro-5,9:12,16-dimethenobenzocyclotetradecene (32)
(33mg, 18%): (TLC: 0.40; hexanes); m.p. 134-135°C (lit.24
135°C), colorless crystals (heptane); 1H NMR (NMR-7): 5 7.36,
7.62 (A2B2 system, 4H, aryl-H, J=5.69Hz, J'=3.46Hz), 7.30 (t,
2H, aryl-H, J=7.55, 7.55Hz), 7.09 (d, 2H, aryl-H, J=7.55Hz),
7.02 (d, 2H, aryl-H, J=7.55Hz), 5.37 (s, 2h, aryl-Hi), 1.96,
3.11 (AA'BB' system, 4H, -CH2CH2-, JAB=9.05Hz); MS: me 256
(M+), 255 (M+ —H), 252 (M+ -4H) and benzo [ejpyrene (51) (19mg,
10%): (TLC R: 0.3, benzenehexanes: 115); m.p. 179-
181°C (lit.29178-179°C), colorless crystals (benzene); H NMR
(NMR-8): 6 8.92 (d, 2H, aryl-Hc, J=7.75Hz), 8.20 (d, 2H, aryl-
H, J=7.75Hz), 8.87, 7.76 (A2B2 system' H, aryl-H, J=6.22Hz,
J'=3.36Hz), 6 8.06 (s, 2H, olefinic protons), 6 8.05 (t, 2H,
aryl-H, J=7.75, 7.75Hz); MS: me 252 (M+).
a
11,12-Dihydrobenzo [e jpyrene (J5 jg)
(Bromination of 10,ll-dihydro-5,9:12,16-dimethenobenzocyclo-
tetradecene (32) under dark)
10, ll-dihydro-5 ,9:12,16-dime-thenobenzocyclotetradecene
(32) (2mg, O.Olmmol) in anhydrous carbon tetrachloride (3mL),0 j
NBS (4mg, 0.02mmol) and a small spatula of AIBN were added
2
to a lOmL round bottomed flask. The flask was wrapped with
0
aluminium foil. The reaction mixture was stirred at 35 C for
4 hours. The crude product was filtered and chromatographed
on silica gel column (hexanes) to give the product (0.5mg,
25%): (TLC: 0.29, hexanes); m.p. 59-61°C, colorless
crystals (heptane); H NMR (NMR-9): 6 8.65, 7.65 (AB2 system,
4H, aryl-H, .J-6.18Hz, J'=3.37Hz), 8.49 (d, 2H, aryl-H, J=
7.71Hz), 7.43 (d, 2H, aryl-H, J=7.71Hz), 7.57 (t, 2H, 'aryl-H_,A B
J= 7.71, 7.71Hz), 3.27 (s, 4H, -CH2CH2); MS: me 254 (M+)
253 (M+ -H), 252 (M+ -2H) exact mass: calculated for C20H14






(32) (3mg, O.Olmmol) in absolute carbon tetrachloride (3mL),
NBS (18mg, O.lmmol) and a small spatula of AIBN were added to
a lOmL round bottom flask. The reaction mixture was stirred
under irradiation with a 500w sun lamp for 4.5 hours. The
crude product was filtered and chromatographed on silica gel
column (benzenehexanes: 115) to give the product 51 (58%).
Physical and spectroscopic data of 51 were identical with an
authentic sample.
2-Thia [3](3,3)-1,11:2',1-terphenylophane (49)
To a boiling benzene-ethanol mixture (2: 1) (1.5L) in
a 3L round bottom flask, 3,3-bis(bromomethy1)-1,1':2',1-
terphenyl (3) (3g, 7.3mmol) in benzene (180mL), thioacetamide
(545mg, 7.3mmol) in benzene-ethanol (10: 1) (170mL) and
potassium hydroxide (940mg, 16.8mmol) in ethanol-water (50:
1) (180mL) were simultaneously added from three dropping
funnel under vigorous stirring for 15 hours. After the
addition, the system was refluxed for 1.5 hours. The bulk
solvent was removed under vacuum. The remaining mixture was
washed with distilled water (2 X lOOmL). The aqueous layer
was extracted with dichloromethane (2 X lOOmL). The combined
organic layer was dried over anhydrous calcium sulfate. The
solvent was removed under vacuum and the residue was
chromatographed on silica gel column (benzenehexanes: 13)
to yield the product (400mg, 19%): (TLC: 0.53; benzene
hexanes: 12); m.p. 145-146°C (lit.24146-147°C), colorless
crystals without recrystallization; H NMR (NMR-10): 6 7.16-
7.65 (m, 10H, aryl-H), 6.08 (br.s, 2H, aryl-Hi), 3.64 (br.s,
4H r -CH2-); MS: me 288 (M+).
2-Thia [3] (3, 3) -1,11: 2 1, l-terphenylophane-2, 2-dioxide (50) 214
2-thia f 3~| (3, 3 )-1,11: 2 1 ,1 -terphenylophane (49) (300mg,
lmmol) was dissolved in toluene-glacial acetic acid1: 2
(100mL). 35% Hydrogen peroxide (2.5mL, 29mmol) was added.
The reaction mixture was heated at 80°C for 6 hours. A large
portion of solvents was removed under vacuum. The remaining
residue was cooled in a refrigerator overnight. The crude
crystal, was filtered and washed with cold toluene to give
the product 50 (250mg, 75%): (TLC R_: 0.26; ethyl acetate
hexanes; 16); m.p. 258-259°C (1it.2259°C), thin yellow
crystals without recrystallization; 1E NMR (NMR-11): 6 7.45-
7.67 (m, 1OH, aryl-H), 6.13 (s, 2H, aryl-Hi), 3.86, 4.30 (AB-
system, 4H, -CH2~, JAB=13.8Hz); MS: me 320 (M+), 256 (M+-
so2).
r -I 2 0 a —Q
Benzoejpyrene (51)
(Ramberg-Backlund reaction of 2-thia[3] (3,3)-1,11 :2 1 ,1-
terphenylophane-2,2-dioxide (50))
To a well stirred suspension of 2-thia[3]( 3, 3 )-1,11:
21,l-terphenylophane-2,2-dioxide (50) (60mg, 0.2mmol) and
, j
finely powdered potassium hydroxide (390mg, 7mmol) in t-
butanol (5mL) under nitrogen, a solution of dibromodifluoro-
methane (0.3mL, 3.3mmol) in t-butanol (0.6mL) was added
dropwisely by a syringe. After the addition, the reaction
mixture was further stirred for 18 hours at room temperature.
The crude mixture was poured into ice-water (250mL). The
organic layer was dried over anhydrous magnesium sulfate.
The crude product was chromatographed on silica gel column
(benzenehexanes: 115) to yield the product (51) (llmg, 23%).
Physical and spectroscopic data of 51 were identical with an
authentic sample.
3, 3-Bisf ormyl-1,1': 2', l-terphenyl (j55)
3,3-Bis(bromomethyl)-1,1' :2' ,1-terpheny1 (33) (0.8 g,
1.9mmol), pyridine (2.8mL, 34.6mmol) and DMSO (96mL, 135.3
3 2
mmol) were added to a 150mL round bottomed flask. The
reaction mixture was heated at 90°C for 2.5 days. The crude
mixture was partitioned between benzene (300mL) and saturated
sodium chloride solution (200mL). The aqueous phase was
extracted with benzene (2 X 200mL). The combined organic
layer was washed with sulfuric acid (0.3N, 4 X 200mL),
distilled water (2 X 200mL) and saturated sodium chloride
solution (2 X 200mL). The organic layer was dried over
anhydrous calcium sulfate. The solvent was removed under
vacuum. The residue was chromatographed on silica gel
column (ethyl acetatehexanes: 15) to give the product 55
(0.32g, 58%): (TLC: 0.43; ethyl acetatehexanes :14);
m.p. 112-114°C, thin yellow crystals (heptane); H NMR (NMR-
12): 6 9.88 (s, 2H, -CHO), 7.30-7.33 (m, 12H, aryl-H); MS:
me 286 (M+), 257 (M+-CHO), 229 (M-CHO-CO); IR: (KBr)
-1
1698cm (stretching of C=0); elemental analysis
calculated: C 83.90%, H 4.93%, found: C 83.98%, H 4.95%.
When 2,4,6-collidine was used instead of pyridine, and the
reaction was carried out at room temperature, 3-formy1-3-
bromomethyl-1,11:2',l-terphenyl (56) was obtained as a minor
product (43mg, 6%): (TLC R: 0.6; ethyl acetatehexanes:
14) together with 55 (300mg, 54%); compound 56: NMR (NMR-
13): 6 9.88 (s, 1H, -CHO), 7.74-7.15 (m, 12H,aryl-H), 6.46
(s, 2H, -CH2BR); MS: me 352 (M+ +2), 351 (M+ +2-H), 350(M+),
349 (M+-H). Compound 56 can be further oxidized to 55 in 82%
by repeating the above procedure. %
trans-10,ll-Dihydroxy-10,ll-dihydro-5,9:12,16-dimethenobenzo-
cyclotetradecene(£)
(reductive coupling of dialdehyde 55 to diol 57, reagent
system d)
Zn-Cu couple (843mg, 12.9mmol) and titanium trichloride
(750mg, 5mmol)3ia were added to THF (200mL) in a flame
dried round bottomed flask. The system was refluxed under
- nitrogen for 3 hours. A solution of 3,3-bisformyl-1,11:
2',1-terphenyl (55) (460mg, 1.6mmol) in THF (350mL) was
added dropwisely to the above reaction mixture for 18 hours.
After the addition, the reaction mixture was further refluxed
for 1.5 days. Saturated potassium carbonate (300mL) was
added and the crude mixture was filtered. The filtrate was
extracted with chloroform (3 X 250mL).. The combined organic
layer was washed with distilled water (3 X 300mL) and dried
over anhydrous sodium sulfate. The bulk solvent was removed
under vacuum and the residue was chromatographed on silica
gel column (ethyl acetatehexanes: 13) to give diol 57
(200mg, 43%) together with benzo£eQ pyrene (51) (lOOmg, 25%).
Diol £7 is colorless crystal its melting point is 185-186°C
0
(hexanes-dichloromethane); 1H NMR (NMR-14): 67.22-7.72 (m,
10H, aryl-H), 5.34 (s, 2H, aryl-Hi), 3.96 (s, 2H, :CH), 3.20
(br.s., 2H, O-H); MS: me 288 (M+), 270(M+ -H2O); exact mass:
calculated for C«nH.,0o 286.1150, found 286.1150. When
deuterium oxide was added to 51, the signal at 6 3.20 dis¬
appeared. And trans-10,ll-dideuteroxy-10,ll-dihydro-5,9:
12,16-dimethenobenzocyclotetradecene (58) was formed. Physical




(reductive coupling of dialdehyde 55 to diol 57, reagent
system e)
Zn-Cu couple (640mg, 9.8mmol) and titanium trichloride
(648mg, 4.2mmol)3ia were added to DME (25mL) in a flame
dried round bottomed flask. The system was refluxed under
nitrogen for 3 hours. A solution of 3,3-bisformyl-1,11:2',1
-terphenyl (5£) (lOOmg, 0.4mmol) in DME (50mL) was added drop-
wisely to the above reaction mixture for 4 hours. After the
addition, the reaction mixture was further refluxed for 19
hours. Saturated potassium carbonate (lOOmL) was added and
the crude mixture was filtered. The filtrate was extracted
with ether (3 X lOOmL). The combined organic layer was washed
with distilled water (3 X lOOmL) and dried over anhydrous
sodium sulfate. The bulk solvent was removed under vacuum and'
the residue was chromatographed on silica gel column (ethyl
acetatehexanes: 13) to give diol 57 (25mg, 25%) together
with benzo[e]pyrene() (llmg, 12.5%). Physical and spectro¬
scopic data of diol £7 were identical with the product generated
by reagent system d while the corresponding data of 51 were
identical with an authentic sample.
Reaction of trans-10,ll-Dihydroxy-10,ll-dihydro-5 ,9:12,16-
dimethenobenzocyclotetradecene (57) with sodium iodide,
chlorotrimethylsilane in acetonitrile33.
A solution of sodium iodide (30mg, 0.2mmol) in acetonitrile
(lmL) was added to a solution of trans-10,ll-dihydroxy-10,11-
dihydro-5,9:12,16-dimethenobenzocyclotetradecene (57) (8mg,
0.03mmol) in acetonitrile (lmL). The reaction mixture was
wrapped with aluminium foil and stirred for 10 minutes at room
temperature. Chlorotrimethylsilane (0.04mL, 0.2mmol) was added.
The reaction system was stirred for 10 hours at 90°C. The
crude mixture was washed with distilled water 3 X 5mL and dried
over magnesium sulfate. The residue was chromatographed on
silica gel column (ether acetatehexanes: 14) to give
dialdehyde 55 (3.5mg, 43%). Physical and spectroscopic data




Anhydrous dichloromethane (3mL) was added to a flame-
dried round bottomed flask which was kept in a dry iceacetone
bath. DMSO (0.025mL, 0.32mmol) and oxalyl chloride (0.015mL,
2 0 3 7
0.16mmol) were added by a micro-syringe respectively'
The reaction mixture was stirred vigorously at -50cC for 5
minutes. A solution of trans-10 ,ll-dihydroxy-10,11-dihydro-
5,9:12,16-dimethenobenzocyclotetradecene (57) (20mg, 0.07mmol)
'W
in dry dichloromethane (2mL) was slowly added from a syringe.
After the addition, the system was further stirred for 45
minutes. Diisopropylethvlamine (0.12mL, 0.7mmol) was added.
The reaction mixture was allowed to warm to room temoerature.«L
Distilled water (20mL) was added. The aqueous layer was
extracted with dichloromethane (2 X 20mL). The combined
organic layer was dried over anhydrous calcium carbonate.
The crude product was chromatographed on silica gel column
(ethyl acetatehexanes: 19) to yield the product 61 (6mg,
30%): (TLC Rf: 0.05; ethyl acetatehexanes: 16); m.p. 213-
214 °C, colorless crystal; 1E NMR (NMR-16): 6 7. 44-7. 82 (m,
10H, aryl-H), 5.46 (br.s, 2H, aryl-H), 4.79 (d, 1H, ICH, J=
9Hz), 4.31 (df 1H, O-H, J= 9 H z); MS: me 286 (M+), 258 (M+ -CO),
2.28 (M+- CO—CHOH); exact mass: calculated for CnnH, ,On20 14 2
2 8 6. 0994. fnnnrl 9RA i nn;
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2-amino-3 '-methyl biphenyl (4.)
2-iodo-3'-methyl biphenyl (42)
3,3-dimethyl-1,11: 2' ,l-terphenyl (£3)
3, 3 -Bis (bromomethyl)-!,!' :2' ,1-terphenyl (33)
3-bromomethyl-3-rnethyl-l, 11 :2', 1-terohenvl (48)
10,ll-dihydro-5,9:12,16-dimethenobenzocyclotetra-
decene (32)
Benzo |Vj ovrene (51)
11,12-dihydrobenzo i~e~| pyrene (52)'
2-thia [3] (3,3) -1,1': 2' ,1-terphenylophane (49)
2-thia 13J( 3, 3) -1,11: 2' ,1-terpheny 1 ophane-2, 2-
dioxiae (50)
3,3-bisformy1-1,1' :2' ,1-terphenyl (55)
3-f ormyl-3-bromomethy1-1,1' :2' ,1-terphenyl (56)
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